Oxygen-enriched combustion technology is a new energy-saving and emissionreduction technology. It is important to study the influence of oxygen-enriched combustion on the temperature field and flue gas composition in the furnace of hydrogen-making reformer to improve combustion efficiency and hydrogen yield. Considering the structural characteristics of 4×10 4 m 3 /h top-burning atmospheric pressure heating hydrogen reforming furnace, a three-dimensional finite element model of the fluid in the furnace of hydrogen-making reformer is established by finite volume method, and the standard k-model, non-premixed combustion model is selected. The discrete coordinate radiation model were studied to study the influence of different oxygen-rich conditions on the temperature field and smoke composition of the hydrogen-making reformer. The results show that as the oxygen content in the combustion air increases, the fuel gas gradually burns. When the oxygen content is 32.5%, the oxygen-enriched combustion characteristics in the furnace of hydrogenmaking reformer are obvious. Considering the cost of oxygen-enriched air and the treatment cost of flue gas, the comparison of oxygen-enriched air with 32.5% oxygen content is reasonable selected. The research results can provide theoretical guidance for the engineering application of oxygen-rich combustion technology in hydrogenmaking reformer.
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INTRODUCTION
The hydrogen production reforming furnace is the key equipment for the natural gas steam reforming hydrogen production unit, and the temperature field in the furnace has an important influence on the life of the conversion tube and the hydrogen production rate [1] . In the tube of the hydrogen conversion reformer, natural gas and water vapor undergo a strong endothermic reaction under the action of the catalyst, which requires a large amount of heat, and the heat required for the reaction is provided by the combustion process of the fuel gas and air in the furnace of hydrogen-making reformer. During long-term high-temperature service, the organization will gradually evolve, creep cavity, micro-cracks, and severe fractures [2] . Oxygen-rich combustion technology is a new energy saving technology, by increasing the oxygen content in the air, increasing the chance combination of fuel and oxygen molecules, is further improved combustion, improved fuel efficiency significantly, reduce the hydrocarbon (HC) and carbon monoxide (CO) emissions [3] . At present, oxygen-rich combustion technology has not been applied to large-scale hydrogen-making reforming furnaces. For this reason, studying the influence of oxygen-rich combustion on the temperature field and smoke composition of hydrogen-making reformer is of great significance for combustion efficiency and hydrogen yield.
At present, much research has been done on the temperature field of hydrogenmaking reforming furnaces. However, there are still few studies on the application of oxygen-rich combustion in hydrogen-making reforming furnaces. For example, Longyu et al. [4] simulated the furnace of hydrogen-making reformer by CFD with simplified model. By analyzing the velocity, temperature and composition of flue gas, the influencing factors of temperature distribution in the furnace were obtained [5] . Shen Dongfa et al. [6] carried out a numerical simulation of the oxygen-rich combustion process of the two-dimensional model of the cracking furnace by using a 41-step methane combustion backbone mechanism with 16 components, and obtained the distribution of temperature field and smoke composition. However, the threedimensional model of cracking furnace which is more close to reality is not studied. Li Xiaojiao[1], Zhang Xiaoyun [7] and Zheng Zhiwei [8] etc. established a threedimensional model of in the furnace of a large-scale hydrogen-making reformer, and analyzed the temperature field, but did not study the application of oxygen-rich combustion technology in the hydrogen-making reformer.
In this paper, a 4×10 4 m 3 /h top-burning atmospheric pressure hydrogen production reforming furnace of a petrochemical company is used to establish a three-dimensional finite element model of the fluid in the furnace by finite volume method. The numerical simulation of the temperature field of in the furnace of hydrogen-making reformer is carried out. The influence of different oxygen-rich conditions on the temperature field and flue gas composition of hydrogen production reformer was studied. In this paper, the fluid in a 4×104m3/h top-burning atmospheric heating hydrogen converter in a petrochemical company is taken as an object of study. In view of the complex chemical reaction in the furnace caused by the mixed combustion of fuel gas and air in the hydrogen reformer, the influence of the inlet manifold, the upper tail pipe, the reformer pipe, and the cold wall collecting pipe, the hot wall collecting pipe and the like on the fluid in the furnace is ignored. The fluid structure is simplified as shown in Figure 1 . The burner adopts the sleeve type feeding mode, the inner ring is the fuel gas inlet, and the outer ring is the air inlet. The simplified structure of the structure is shown in Figure 2 .
MODELESTABLISHMENT

Model Simplification and Assumptions
In order to facilitate research, the following assumptions are made: (1) The heat transfer in the furnace is a steady state heat transfer; (2) The gas is an incompressible fluid; (3) Both the flame and the furnace gas are gray; (4) Regardless of the refraction in the furnace; (5) Do not consider other chemical reactions other than combustion; (6) Do not consider the impact of structural deformation outside the furnace; (7) The outer wall of the furnace is in adiabatic state.
Calculation Parameters
The effective length of the furnace of the hydrogen conversion converter is 15.9m, the width is 13.5m, the height is 12.984m, and the top of the furnace is arranged in two rows, for a total of eight gas burners. The volume flow rate of the fuel gas used was 7253.4 Nm3/h, and the actual air volume flow rate was 188496 Nm3/h. The main components of the fuel gas are methane (CH4), and the specific components are shown in TABLEI. 
Finite Element Model and Boundary Conditions
Based on the symmetry characteristics of the front and back of the hydrogenmaking reformer, a 1/2 finite element model of the fluid in the furnace of the hydrogenmaking reformer is established, as shown in Figure 3 .
The operating parameters of the hydrogen conversion furnace are shown in TABLEII.
THEORETICAL CALCULATION MODEL
The fluid in the hydrogen reforming furnace is in a turbulent state, and there is no strong swirling flow and curved wall flow, so the simplest standard k- model is selected [1] . The standard k- model is mainly based on turbulent kinetic energy and diffusivity. The transport equations of turbulent kinetic energy and turbulent dissipation are as follows:
The non-premixed combustion model is mainly used to simulate turbulent diffusion flames. In the hydrogen-making reformer, two jets of fuel gas and air are injected into the furnace through the burner structure, so a non-premixed combustion model is selected [9] .
Mixed fraction in the equation
, Zi indicates the element mass fraction of element i. The subscript ox indicates the value of the oxidant flowing into the mouth, and fuel indicates the value of the fuel inlet. Source term Sm only refers to the mass being introduced into the gas phase by liquid fuel droplets or reaction particles. In the hydrogen reformer, there are only reactive gases, no liquid fuel droplets and reaction particles, so Sm=0. Suser represents any user defined source item.
The radiation numerical simulation methods include DTRM, P-1, Rosseland, S2S, DO and other radiation models. The DO model considers the effect of scattering in the calculation. It can calculate the medium radiation appearing in the combustion problem. It can solve the problem of local heat source very well and can be used widely [1, 10] . The burner part of hydrogen converter belongs to the problem of local heat source, so discrete coordinate (DO) radiation model is selected. 
 is the radiation wavelength,  a is the spectral absorption coefficient, and  b I is the black-body radiation intensity determined by PLANCK law. The scattering coefficient, scattering phase function and refractive index are all assumed to be independent of wavelength.
The fuel gas used in the hydrogen conversion reformer is natural gas, and its main component is methane. In order to accurately describe the combustion process, a detailed mechanism for methane combustion needs to be selected. The GRI3.0 mechanism consists of 53 substances and 325 elementary reactions, which can describe the phenomenon of methane combustion in detail. Therefore the GRI3.0 mechanism of methane combustion mechanism is adopted and coupled with the non-premixed combustion model in CFD software FLUENT in this paper.
NUMERICAL SIMULATION ANALYSIS
Effect of Different Air Oxygen Content on Temperature Field of Hydrogen Reforming Furnace
During the calculation of hydrogen production converter, five different conditions of oxygen content in air were studied. The case 1 was ordinary air, the oxygen content in air was 23.5% (mass fraction); the case 2, 3, 4 and 5 were oxygen-enriched air, and the oxygen content in air was 26.5%, 29.5%, 32.5% and 35.5% respectively. Figure 4 shows the temperature distribution of the fluid in the furnace of hydrogenmaking reformer when air and fuel gas are mixed combustion. Paths 1, 2, 3, and 4 are the centerlines of the burners 1, 2, 3, and 4, and the direction is from bottom to top. Figure 5 shows the temperature distribution of the center line of the burners 1, 2, 3, 4 in the height direction under different air oxygen content conditions. It can be seen that the temperature field distribution of the furnace is not uniform. On the burner 1, 2, 3 and 4, the law of temperature change is similar. The fuel gas and air are injected into the furnace through the burner. At first, the combustion reaction is insufficient due to insufficient mixing of the two, and the temperature of the furnace is low. As the injection of fuel gas and air increases, the two mix well, the combustion reaction becomes severe, and a high temperature zone is formed within 1-2 meters below the burner, and the temperature of the flue gas in the lower part of the furnace is rapidly reduced, and finally the temperature of the furnace Gradually stabilized, between 1300K-1400K. The peak temperatures reached at 12.22m, 12.22m, 12.56m, 12.56m, and 12.56m under five different air oxygen conditions on the burner 1, respectively, and the peak temperatures reached: 1873K, 1951K, and 2089K. 2194K, 2247K. It shows that as the oxygen content of the air increases, the flame length becomes shorter, the combustion reaction becomes more intense, and the complete combustion of the fuel gas is promoted. Compared to the burners 2, 3, 4, the burner 1 is closest to the flue gas outlet and the burner 1 reaches the highest peak temperature. Figure 6 shows the average temperature in the furnace, the outlet surface temperature of the flue gas, and the peak temperatures of the paths 1, 2, 3, and 4 under different air oxygen conditions.
It can be seen that with the gradual increase of oxygen content in the air, the peak temperature of the paths 1, 2, and 3 along the center line of the burner in the furnace of the hydrogen reforming converter gradually increases, and the middle of the path 4 fluctuates a little, but the whole trend is increasing. When the oxygen content of air increased from 23.5% to 35.5%, the peak temperatures of paths 1, 2, 3, and 4 increased by 19.9%, 23.6%, 20.9%, and 11.3%, respectively, so the peak temperature of path 2 increased the most; The average temperature in the furnace and the average temperature of the flue gas outlet surface did not change much, about 1300K. Figure 7 shows the distribution of CO mass fraction along the height direction of the centerlines of the burners 1, 2, 3, and 4 under different air oxygen conditions. It can be seen that the CO in the furnace is mainly distributed in the high temperature zone. CO is an intermediate product of methane combustion to form H2O and CO2. As the injection of combustion gas and air increases, the CO content first increases and then drops sharply, dropping to 0% at the position of 11.28 m. It indicates that the combustion reaction has never been fully burned to full combustion. Figure 8 shows the average CO content in the furnace, the CO content of the flue gas outlet surface, and the peak CO content of the paths 1, 2, 3, and 4 under different air oxygen conditions.
Influence of Different Air Oxygen Content on Flue Gas Composition of Hydrogen Conversion Reformer Furnace
EFFECT OF DIFFERENT AIR OXYGEN CONTENT ON CO MASS FRACTION
It can be seen that with the gradual increase of oxygen content in the air, the CO peak content of the paths 1, 2, 3, and 4 along the center line of the burner in the hydrogen reforming furnace tends to gradually decrease. When the oxygen content of air increased from 23.5% to 35.5%, the peak CO content of paths 1, 2, 3, and 4 decreased by 37.3%, 36.0%, 44.2%, and 42.4%, respectively, so the CO peak content of path 3 decreased the most; The average content of CO in the furnace and the flue gas outlet surface did not change much, and basically went to zero. Figure 9 shows the distribution of CO2 mass fraction along the height direction of the center line of the burner 1 under different air oxygen content conditions.
EFFECT OF CO2 MASS FRACTION UNDER DIFFERENT AIR OXYGEN CONDITIONS
It can be seen that the CO2 content in the furnace is also mainly distributed in the high temperature zone, and there is some fluctuation in the high temperature zone. From the burner inlet, as the injection of combustion gas and air increases, the overall trend of the CO2 content of the burner 1 increases first and then decreases, and finally stabilizes. The CO2 distribution of the burners 2, 3, 4 is substantially the same as that of the burner 1. The position of CO2 peak content in the five different air oxygen conditions of the burner 1 are 12.21m, 12.21m, 12.22m, 12.56m and 12.56m, respectively, and the peak CO2 content is 9.08%. 9.87%, 10.74%, 12.09%, 13.59%. It is indicated that as the oxygen content of the air increases, the CO2 content increases, the flame length becomes shorter, and the combustion reaction becomes more intense. Figure 10 shows the average CO2 content in the furnace, the CO2 content at the flue gas outlet surface, and the CO2 peak content in the paths 1, 2, 3, and 4 under different air oxygen conditions.
It can be seen that with the gradual increase of oxygen content in the air, the peak content of CO2 in the direction of the center line of the burner in the furnace of the hydrogen-making reformer is gradually increasing. When the oxygen content of air increased from 23.5% to 35.5%, the peak CO2 content of paths 1, 2, 3, and 4 increased by 49.7%, 70.7%, 55.6%, and 46.4%, respectively, so the peak CO2 content of path 2 increased the most. The average content of CO2 in the furnace of the hydrogen reforming furnace and the outlet surface of the flue gas does not change much, about 5.8%. 
CONCLUSIONS
For a petrochemical company 4×104m3/h top-burning atmospheric pressure heating hydrogen production reforming furnace, according to the structural characteristics of the hydrogen production reforming furnace, suitable models of turbulence, combustion, radiation and pollutant generation are selected.
For a petrochemical company 4×104m3/h top-burning atmospheric pressure heating hydrogen production reforming furnace, the influence of air oxygen content on temperature field and CO, CO2 emissions of smoke constituents was analyzed, and the following conclusions were obtained.
As the oxygen content in the combustion air increases, the flame length becomes shorter, the combustion reaction becomes more intense, and the complete combustion of the fuel gas is promoted. The peak temperature of the paths 1, 2, and 3 along the center line of the burner in the furnace of the hydrogen-making reforming furnace tends to increase gradually, and the middle of the path 4 fluctuates slightly, but the overall trend increases. The peak temperature of path 2 increases the most, but the average temperature in the furnace and the average temperature of the flue gas outlet surface do not change much, about 1300K.
With the increase of oxygen content in the combustion air, the CO peak content of the paths 1, 2, 3 and 4 along the center line of the burner in the furnace of the hydrogen-making reforming furnace tends to decrease gradually, and the peak contents of CO2 showed an increasing trend. The average content of CO in the furnace and the flue gas outlet surface does not change much, about 0; the average content of CO2 did not change much, about 5.8%.
When the oxygen content in the combustion air is 32.5%, the oxygen-enriched combustion characteristics in the furnace of the hydrogen-making reforming furnace are obvious. When the oxygen content is greater than 32.5%, the temperature increases little; the CO and CO2 content changes little. Considering the cost of oxygen-enriched
